Abstract We followed 12 patients with nailed femoral
Introduction
Static reamed locked intramedullary nails are the treatment of choice for most complex femoral shaft fractures [4, 6] . Increased experience and technological advancement has gradually lowered the rate of implant failure. Despite this, locked nail breakage may still be observed unpredictably [10, 12] .
Femoral locked nail breakage often occurs either at the proximal slot end or the upper distal locked screw hole [10, 12, 15] . The cause is the greater stress concentration at these two areas. When the femoral shaft fracture is still un-united, treatment of locked nail breakage usually should be revised with a new intramedullary nail [15] . However, under certain circumstances, for example, a middle-or lower-third shaft fracture with nail breakage at the proximal slot end, an effect similar to dynamisation may be induced while the stability may still be sufficient. Thus, one must question whether a revision procedure is still necessary. We, therefore, wanted to test this hypothesis to clarify whether surgical revision was necessary when nail breakage occurred.
Materials and methods
From May 1996 to July 2001, we saw 12 consecutive adult (>15 years) patients who had an un-united middle-or lowerthird femoral shaft fracture with concomitant breakage of the proximal slot end of a static reamed locked nail. Patients were aged a median of 27 (19-38) years with a male-tofemale ratio of 5:1. The duration from the static reamed locked nail insertion to breakage of the proximal part of the nail was a median of 7 (4-10) months. All fractures had been treated surgically one to three times, and the period from the fracture to the latest surgical procedure with a static locked nail was a median of 13 (0-20) months. Four fractures had arisen from one-stage femoral lengthening using the locked nailing technique for a median of 7 (6-8) months. No wound infection history was noted. All fractures were due to motorcycle accidents. Patients with fractures proximal to the type III subtrochanteric area were excluded [11] . In such patients, the relatively short lever arm was considered inadequate for conservative management, and exchange nailing was performed as early as possible. Ten fractures were located in the middle third of the shaft while two were in the distal third of the shaft.
The protocol of treatment of such a situation was well explained to patients. No early revision surgery was sug-gested in the outpatient department (OPD). Revision surgery was suggested when the fracture was still un-united a year later or patients could not tolerate further waiting. No restriction against full weight bearing or using crutches was advised. However, it was recommended to avoid heavy labouring where possible. Patients were followed up in the OPD at intervals of 1.5-2 months. Clinical and radiographic progress was recorded. If the policy of waiting to heal failed, exchange nailing with closed removal of the broken nail was performed. After the fracture healed, patients were followed up in the OPD annually or whenever necessary.
We defined fracture union as no pain, no tenderness and patients who could walk without aid; radiographically, solid callus had bridged both fragments. Non-union was defined as a fracture that was still un-united after 1 year of treatment or if revision surgery had to be done to achieve fracture union [11, 15] .
Results
All 12 patients completed the study (Table 1) . Only two patients achieved fracture union without revision surgery; the duration from nail breakage to union was 4 and 7 months, respectively. The remaining ten fractures were treated with exchange nailing at a median of 10 (4-14) months after nail breakage. Nine fractures healed at a median of 5 (4-7) months (Fig. 1) . One patient was lost post-operatively despite our best efforts to make contact. No significant complications occurred in any of the surgical revision procedures. All patients with complete follow-up could return to the jobs they had before fractures occurred.
Discussion
Factors favouring fracture healing include minimal gap, adequate stability and sufficient nutrition [9] . Whether breakage of a proximally locked nail in middle-or distalthird femoral shaft fractures significantly hinder the stability for fracture healing has not yet been reported. On the other hand, breakage of a static locked nail should induce a dynamic effect. The fracture site should be compressed and the mechanical force encourage osteogenesis [2, 8] . These sceptical viewpoints may greatly deter active intervention by the orthopaedic surgeon.
In this series, only two out of 12 fractures united with the policy of waiting to heal. In other words, the dynamisation effect on promoting fracture healing was small under this circumstance. To avoid wasting time by waiting to achieve fracture union, early exchange nailing should be the treatment of choice [7, 16] . In the literature, mechanical force is considered to have a small effect on promoting fracture healing [13, 14] . Moreover, once the nail breaks, the stability is also insufficient and the union rate will be slower.
A locked nail has a slotted or non-slotted mode, and each has individual advantages and disadvantages [1, 5] . A slotted nail is less rigid, and technical complications during nail insertion are fewer. However, the slot end introduces stress concentration, and nail breakage easily occurs here [10, 12] . A non-slotted nail is much more rigid. Although it can avoid nail breakage, incautious insertion can result in iatrogenic femoral neck fracture or a proximal cortical splitting fracture [3, 17] . Generally, non-slotted locked nails are not popular in femoral shaft fractures [1, 5] . Thus, breakage of the locked nail at the proximal slot end will continue to occur whilst slotted nails are used.
In conclusion, waiting for femoral shaft fractures to heal in the presence of proximal slot locked nail breakage has a low success rate. Early exchange nailing is a better choice for achieving fracture union. Fig. 1 A 27-year-old man sustained a right middle-third femoral shaft fracture and was treated with an open static locked nail. The nail broke at the proximal slot end (arrow) at 5 months. Conservative treatment failed, and exchange nailing with a new static locked nail was done 8 months later. The fracture healed uneventfully at 4 months.
